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Abstract: First, the delay-dependent stability of switched linear systems with time-invariant delays is studied by using
multiple Lyapunov function methods. The sufficient conditions of the delay-dependent stability and the design method of
the switching law are developed. Then the stability of a class of switched systems with time-varying delays is analyzed
by utilizing common Lyapunov function methods. The sufficient condition of the delay-dependent stability and the design
method of the switching law are also determined. All results are obtained by using the linear-matrix-inequality method.
The conclusions are proved to be valid by simulation.

































ẋ(t) = Aix(t) + Mix(t− τ),
x(t) = φ(t), t∈ [−τ, 0]. (1)
其中: m是自然数, i ∈ T = {1, 2, · · · ,m},
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态, x(t − τ) ∈ Rn为系统t − τ时刻的状态, 定常矩
阵Ai ∈ Rn×n为系统矩阵,定常矩阵Mi ∈ Rn×n为时
滞矩阵, φ(t)为系统的初始状态.
首先给出矩阵完备性定义.
定义1[8] 若存在对称矩阵集合{Z1, Z2, · · ·Zm},
对任意的x ∈ Rn,存在i ∈ {1, 2, · · ·m}使得x′Zix 6
0成立, 则称{Z1, Z2, · · ·Zm}是完备的; 如果对于任
意的x ∈ Rn \ {0},存在i ∈ {1, 2, · · ·m},得x′Zix <
0成立,则称{Z1, Z2, · · ·Zm}是严格完备的.
3 主要结果(Main result)
3.1 常时滞切换系统的时滞依赖稳定(Delay-
dependent stability for switched systems with
time-invariant delay)






Si −W ′i A′iV τ(W ′i +PiMi)
−Wi −Q M ′iV 0
V Ai V Mi −V 0




对∀i ∈ T = {1, 2, · · · ,m}都成立,那么系统(1)在给
定的切换策略σ(x)下是时滞依赖稳定的.
其中:
j ∈ T = {1, 2, · · · ,m},
Si = (Ai + Mi)′Pi + Pi(Ai + Mi) + W ′i +






min{arg[max(x′Pix)]}, εij > 0;
min{arg[min(x′Pix)]}, εij 6 0.
(3)
证
情形 1 当εij > 0时, 对系统(1)选取切换策
略(3), ∀x ∈ Rn/0,比较x′Pjx(j ∈ T )值之间的大小,
不妨设其中最大的一个为x′Pix,则x′Pix−x′Pjx =
x′(Pi − Pj) > 0.
令




Ωj = Rn \ {0},
设
Ω̃1 = Ω1, · · · , Ω̃i = Ωi −
i−1⋃
j=1
Ω̃j, · · · ,











Ω̃j = φ, i 6= j.
此时当x ∈ Ω̃i时, 切换到第i个子系统, 构造Lyap-
unov函数









然后利用式(2)Zi < 0的条件,可以证得V̇i(x) < 0;
情形 2 当εij 60时,与情形1相似,易得V̇i(x)<
0成立. 另一方面, 由切换策略(3)可知, 在切换时刻
tk, k ∈ R+, 对于任意 t̄ > tk 时, 有 Vσ(t̄)x(t̄) 6
Vσ(tk)x(tk). 由多Lyapunov函数方法知系统(1)是时
滞依赖稳定. 证毕.
当所有的Pi = P (i ∈ T ),由定理1就得到如下具
有共同Lyapunov函数的切换系统的结论.





Gi −W ′i A′iV τ(W ′i +PMi)
−Wi −Q M ′iV 0
V Ai V Mi −V 0




对∀i ∈ T = {1, 2, · · · ,m}都成立,那么系统(1)在任
意切换下是时滞依赖稳定的. 其中
Gi =(Ai+Mi)′P +P (Ai+Mi)+W ′i +Wi+Q.
3.2 时变时滞切换系统的时滞依赖稳定(Delay-




ẋ(t) = Aix(t) + Mix(t− τ(t)),
x(t) = φ(t), t ∈ [−h, 0]. (6)
其中i ∈ T = {1, 2, · · · ,m},实数h > 0,且
τ̇(t) 6 α < 1. (7)
下面利用共同 Lyapunov 函数方法, 给出系
统(6)稳定的充分条件及切换律的设计.
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定理 2 若系统(6)满足式(7), 且存在正定矩
阵P与R, 使得矩阵集合{Z̃i}是严格完备的, 那么系
统(6)在给定的切换策略σ(x)下是渐近稳定的. 其中
i ∈ T = {1, 2, · · · ,m},




σ(x) = min{arg[min(x′Z̃ix < 0)]}. (8)
证 系统(6)在切换策略(8)下切换到第i个子系
统时,选取Lyapunov函数









ẋ(t) = Aix(t) + Mix(t− τ),
x(t) = φ(t).
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求得矩阵P1, P2, P3,W1,W2,W3, 以及Q,V . 在给


















Fig. 1 State response curves
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